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DESCRIPTION 

AUXILIARY MATERIAL FOR USE WITH SUPERCONDUCTIVE MATERIAL 

5 Technical Field of the Invention 

The present invention relates to an auxiliary material 
for use with a superconductive material to improve the 
mechanical deflection property of a tape -like or a wire -like 
superconductive material. In detail, this invention relates 
^ 10 to a tape material or a pipe material containing Ag as a 

base material, particularly to a superconductor auxiliary 
^1 material (i.e., an auxiliary material for use with a 

S superconductive material) which, by virtue of its specific 

~~ 4 Ag alloy composition and upon being subjected to a specific 

5=J 15 oxidation treatment, can offer an excellent thermal 
rU stability, i.e., the auxiliary material will not be softened 

Q under a severe condition of a heat energy, thereby ensuring 

an excellent mechanical strength. 

20 Background Art 

As far as superconductive materials are concerned, in 
recent years, the public's concern has been shifted from 
metallic superconductive materials to oxide superconductive 
materials. This is because the oxide superconductive 

25 materials, by virtue of their height critical temperatures 
and their strong magnetic fields, have been found to have a 
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broad use in various ways, with one example being that an 
oxide superconductive material can be used in a conductor 
such as a tape -like conductor and a wire -like conductor. 

Here, since oxide conductive materials usually belong 
to ceramic category, they are often brittle. Accordingly, 
if an oxide superconductive material is to be put into 
practical use, it is required that a metal material be 
formed into a tape and used as an auxiliary material for the 
superconductive material, thereby forming a mul ti - layered 
composite structure. Alternatively, such a mul ti - layered 
composite structure may be filled into a pipe, so as to 
improve its mechanical deflection property. 

However, an auxiliary material for use with a 
superconductive material is required not only to be able to 
strengthen the superconductive material, but also to have a 
flexibility which is regarded as an important aspect. 
Further, such an auxiliary material is not allowed to have a 
crack and a break. As a result, there have been appeared in 
the commercial market various auxiliary materials formed 
through different experiments for obtaining various desired 
properties . 

On the other hand, for use as such auxiliary materials, 
there have been known many kinds of alloy materials each 
containing Ag as its main component. In this way, a reason 
as to why several sorts of alloy elements should be added in 
a superconductor auxiliary material can be explained as: it 



is because Ag fails to provide a sufficient thermal 
stability and a sufficient mechanical strength. 

Several conventional superconductor auxiliary 
materials may be described as follows. At first, Japanese 
Patent Application Publication Laid-Open No. 6-283056 
discloses that an Ag alloy serving as a metal base material 
contains at least one of Mg, Ni, Ti, Mn, Au and Cu, with Mg 
and Ni being 1 atom% or less, Ti and Mn being 0.5 atom% or 
less, Au being 30 atom% or less, Cu being 2 atom% or less. 

In addition, Japanese Patent Application Publication 
Laid-open No. 8-241635 has disclosed that at least one of MgO 
and NiO contained in Ag alloy is converted to Mg and/or Ni , 
thereby indicating a material containing 0.01 to 0.5 mass% 
of at least one of Mg and Ni . This prior art teaches that a 
silver alloy after having been treated in a wire drawing 
treatment is oxidized in an atmospheric air at 800 to 900°C 
for 5 to 5 0 hours , and the surface of the silver alloy has 
been oxidized only at a depth of 70 Hm. 

However, with regard to the above Prior art, it is 
difficult to ensure that the above described auxiliary 
materials for use with superconductive materials can exactly 
offer a sufficient mechanical strength, a sufficient 
flexibility and a sufficient softness, all of which are 
needed as an auxiliary material for use with a 
superconductive material. Namely, with regard to the above 
first prior art, when a superconductive material is caused 



to fill into a pipe material, crack will occur in a pipe 
during a wire drawing process, causing the pipe to be broken. 
On the other hand, with regard to the above second prior art, 
although there is not a problem in relation to a softness 
during processing, it is usually considered that a desired 
mechanical strength will become insufficient under a severe 
condition of a heat energy. 

Disclosure of the Invention 

In view of the above, it is an object of the present 
invention to provide an improved alloy for use as a 
superconductor auxiliary material which has a sufficient 
mechanical strength, a sufficient flexibility and a 
sufficient softness. 

The inventor of the present invention, after having 

carried out a great deal of research for the purpose of 

solving the above problems, hav^e, found that in order to 

A 

improve the durability and the mechanical strength (to be 
resistant against a heat energy) of a superconductor 
auxiliary material, an effective method is to disperse 
oxides of Mg and Ni in a base material containing Ag as a 
main component, with the dispersion being effected by virtue 
of internal oxidation. The object of the present invention 
is to prevent the occurrence of a crack or ^ damage even 
within an internal oxide, and such an object has been 
achieved by virtue of a specific composition and a specific 



internal oxidation method. 

An invention according to claim 1 is a pipe -like or 
tape -like Ag alloy auxiliary material for use in a process 
for treating a superconductive material, characterized in 
5 that Ag is used as a base material, MgO alone or MgO and NiO 
formed by internal oxidation are dispersed in the Ag base 
material, wherein MgO is 0.03 to 3.3 wt% and a balance is Ag, 
or MgO is 0.01 to 1.7 wt%, NiO is 0.02 to 1.3 wt% and a 
balance is Ag. 

p 10 In this way, the present invention is formed by 

Sj dispersing MgO and NiO through an internal oxidation. This 

constitution is not at all disclosed in the above described 
prior art. That is, the above described first prior art is 
^ that whose oxidation is carried out in an atmospheric air 

Tf. 15 which is different from that used in the present invention. 
r ]z Moreover, the first prior art does not inherently teach an 

p oxide amount specified in the present invention. On the 

other hand, the above described second prior art is that 
which is capable of oxidizing the surface of Ag material at 
20 a depth of only 70 Hm. The present invention is 

significantly different from this prior art in that the 
present invention employs an Ag alloy before combining a 
superconductive material with an auxiliary material, with Mg 
and Ni being internally oxidized under a specific condition, 
25 thereby forming an auxiliary material which failed to be 
obtained in the above Prior art. 



5 



Here, the alloy composition used in the present 
invention is such that when only MgO is dispersed in Ag 
material, the weight ratio of MgO is 0.03 to 3.3 wt%. On 
the other hand, when MgO and NiO are both dispersed, the 
weight ratios of MgO and NiO are respectively in a range of 
0.01 to 1.7 wt% and a range of 0.02 to 1.3 wt%. The reason 
for these weight ratio ranges may be explained as follows. 
Namely, if MgO and NiO are respectively less than 0.01 wt% 
and less than 0.02 wt%, it will be difficult to improve the 
mechanical strength. On the other hand, if the weight 
ratios are respectively more than 1.7 wt% and more than 1.3. 
wt%, the material will have an undesirably high hardness, 
rendering it difficult to process the material. 

Furthermore, a method according to the present 
invention for manufacturing the superconductor auxiliary 
material is characterized in that: after a base material 
consisting of either an Ag-Mg composition or an Ag-Mg-Ni 
composition has been dissolved and cast, the base material 
is rolled or subjected to a pipe drawing treatment, and in a 
process of being formed into a predetermined thickness and a 
predetermined length, the base material is subjected to an 
internal oxidation which is carried out at a temperature of 
650 to 850°C and continued for 20 to 80 hours in an oxygen 
atmosphere having a pressure of 3 to 10 atm, followed by a 
further rolling treatment and a further pipe drawing 
treatment, thereby producing a tape -like material or a pipe- 



like material having a predetermined thickness and a 

predetermined length. 

In the process in which Ag Mg composition or Ag Mg Ni 

composition is subjected to an internal oxidation while the 

base material is being processed, oxygen at a high 

temperature and under a pressurized condition is caused to 

penetrate through the material to gradually oxidize the 

internal Mg and Ni . However, at this time, Ag itself is not 

oxidized, but rather allows the oxygen to pass to the inner 

T 

central portion of the material. -A= fe - thiu mumBi£C> XJie 

'V 

temperature for effecting the internal oxidation is 
preferably in the range of 700 to 800°C. 

When manufacturing the superconductor auxiliary 
material using the method recited in claim 2, it is 
preferred (as recited in claim 3) that Ag-Mg composition or 
Ag-Mg-Ni composition each serving as a base material be so 
formed that Mg is 0.02 to 2.0 wt%, with a balance being Ag . 
Alternatively, Mg is 0.01 to 1.0 wt%, Ni is 0.01 to 1.0 wt%, 
with a balance being Ag . 

The reason for the above ranges may be explained as 
follows. Namely, by setting the composition of the base 
material within the above ranges, it is possible to set the 
weight ratios of MgO and NiO within desired ranges suitable 
for the superconductor auxiliary material of the present 
invention. That is, it is possible to set the weight ratios 
so that MgO is 0.03 to 3.3 wt%, alternatively, MgO is 0.01 



to 1.7 wt% and NiO is 0.02 to 1.3 wt%. 

In this way, by internally oxidizing Mg and Ni (having 
the specific weight ratios) under the specific condition, it 
is possible to produce a wire product having a sufficiently 
high flexibility. 

Furthermore, a pipe material serving as a wire 
material in the present invention is obtained by stretching 
an elongate filled material formed by filling the interior 
of an auxiliary material with an oxide superconductive 
material which is relatively brittle. However, when a tape - 
like material is to be formed, an auxiliary material is 
combined with an oxide superconductive material to form a 
composite. Then, several layers of such composite are 
laminated together, forming a laminated structure which is 
then covered by an oxide of Ag alloy. 

Best Mode for Carrying Out the Invention 

Next, a detailed description is given with reference 
to the following examples. 

Example 1 

A composition containing Ag, 0.1 wt% of Mg and 0.1 wt% 
of Ni was dissolved. A cast solid cylindrical object having 
a length of 250 mm and a diameter of 108 mm was processed so 
as to form a hollow cylindrical body having an outer 
diameter of 68 mm and an inner diameter of 40 mm. 



Afterwards, a pipe drawing treatment (rough processing) was 
carried out so as to form a hollow cylindrical body having 
an outer diameter of 46 mm, an inner diameter of 38 mm, and 
a thickness of 4.0 mm. Subsequently, the hollow cylindrical 
body was subjected to an internal oxidation treatment which 
was conducted in an oxygen atmosphere having a pressure of 5 
atm and was continued for 50 hours at a temperature of 750°C. 
The material treated in the internal oxidation was a 
composition containing Ag, 0.13 wt% of MgO and 0.17 wt% of 
NiO. 

The material treated in the above process was further 
subjected to a pipe drawing treatment (a finishing process) , 
thereby producing a pipe -like member having an outer 
diameter of 25 mm, an inner diameter of 22 mm, and a 
thickness of 1.5 mm. 

The physical properties of the processed material are 
such that its tensile strength is 510 MPa, its hardness is 
95 Hv, its electric conductivity is 71% IACS, its elongation 
is 1.0%, its Young 1 s modulus is 3.45 x 10 4 MPa, and its 
specific resistance is 2.40 x 10* 8 ^m. 

Then, an oxide superconductive material was 
incorporated into the above auxiliary material which was 
then formed into a plurality of bundles that were further 
subjected to a wire drawing treatment, thereby producing a 
plurality of superconductive wires and proving an acceptable 
workability not involving a crack or a break. 



Examples 2 to 4 

With the use of the same method as used in Example 1, 
base materials consisting of Ag-Mg or Ag-Mg-Ni were 
processed, followed by internal oxidation, thereby producing 
superconductor auxiliary materials. Then, various physical 
properties of the auxiliary materials were measured. The 
following Table 1 shows the measurement results indicating 
the compositions and physical properties of the auxiliary 
materials produced in all the Examples. 
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Then, an oxide superconductive material was 
incorporated into the above auxiliary materials which were 

5 then formed into a plurality of bundles that were further 
subjected to a wire drawing treatment, thereby producing a 
plurality of superconductive wires and proving an acceptable 
workability without involving a crack or a break. Meanwhile, 
the above materials were also formed into tapes using the 

0 same method as used in the above, and it was found that 
their physical properties and their workabilities were 
acceptable . 



Industrial Applicability 

As explained in the above, the present invention is 
different from the above described conventional 
superconductor auxiliary materials. This is because the 
present invention employs an Ag alloy containing Ag-MgO or 
Ag-MgO-NiO with a specific ratio, and also employs a 
specific oxidation method. Therefore, the material formed 
according to the present invention can be used as a 
superconductor auxiliary material, thereby making it 
possible to produce a tape -like material or a wire -like 
material which has an improved stability even under a severe 
condition of a heat energy, i.e., it will not be softened by 
a heat, nor will it have a reaction with a superconductive 
material, thus ensuring an extremely high mechanical 
strength . 



